Graphene's outstanding mechanical properties lend to strain engineering, allowing for future valleytronics and nanoelectromechanic applications. In this work, we have found that a Gaussian-shaped strain on a graphene p-n junction results in quantum Hall conductance oscillations due to the rotated angle between valley isospins at the graphene armchair edges. Furthermore, additional Fano resonances were observed as the value of the strain-induced pseudo-magnetic field approaches that of the external Graphene is a fascinating material in both fundamental research and applications for its unique electrical, mechanical, and optical properties. In this Letter, we present theoretical calculations that show how the valley-isospin dependence of quantum Hall effects in graphene is influenced by elastic strain. Conductance is measured through a one-dimensional interface channel formed at a p-n junction, and a Gaussian-shaped local strain is applied to the vicinity of the junction. We first explore the strain effects on conductance by varying the strength and position of the local strain, resulting in conductance oscillation as a consequence of valley-isospin rotation. We demonstrate that valley isospin is rotated by the phase Dirac fermions acquire while traveling along the interface channel. In addition, we investigate the properties of localized states in the strained region when the strength of the strain-induced pseudo-magnetic field becomes comparable to the external magnetic field. We reveal that the existence of these localized states leads to Fano resonances in the conductance, and furthermore, that the localized states are valley-resolved due to the interplay between the pseudo-and external magnetic fields.
Model
The graphene quantum Hall bar in this work is subjected to a Gaussian-shaped deformation that results in local strain, z ( r) = h 0 exp − ( r − r 0 ) 2 / (2σ 2 ) , where h 0 is the maximal deformation in the vertical direction z at the center, i.e., at r = r 0 , and σ is the standard deviation. In the case of unrelaxed lattices, Gaussian deformation possesses out-of-plane strain only. 52 Deformation results in differing inter-carbon distances in the strained region, which in turn causes changes in the hopping energies between adjacent sites, from the tightbinding point of view. As a result, it has been found that the pseudo-magnetic field is given where β = 3.37 and a 0 = 0.142 nm is the inter-carbon distance of graphene. The pseudomagnetic field satisfies B ps = ∇ × A where A is the strain-induced gauge field (see the Supplementary Material for details of the physical model). A profile of the pseudo-magnetic field with Gaussian deformation is displayed in Fig. 1(a) , where it can be noticed that the field acts oppositely on different valleys. To compare its strength with the external magnetic field, it is convenient to find the maximum magnitude of the pseudo-magnetic field, B ps,max = νe −3/2 (27 βh and h 0 . Now, we discuss the electrostatic potential distribution in a p-n junction, where interface channels are created. In this Letter, we consider a gently varying potential profile to allow for practical fabrications in experimental studies. Note that coherent transport through the lowest Landau level (LL) channel is not influenced by the quality of the junction profile 54, 55 (see Supplementaty Material for details of the junction profile). For simplicity, the p-n junction is anti-symmetrically produced and only the lowest-LL channels are taken into account.
For graphene nanoribbons, it has been shown that quantum Hall conductance across a p-n junction depends on the orientation angle between valley isospins at the edges in each region. 47 In the presence of strain, the valley-isospin dependence of quantum Hall effects in armchair graphene nanoribbons can be well formulated by
where G 0 = 2e 2 /h, Φ is the angle between valley isospins, and Φ ps is the net phase acquired from the gauge fields along the interface channel. G D is the quantum Hall conductance across the p-n junction, measured via diagonal leads as depicted in Fig. 1(c) and (e). It is worth mentioning that Φ ps is continuously given, whereas Φ is given by three-fold values: π or ±π/3 for metallic and semiconducting cases, respectively. In this Letter, we set Φ = π.
When a Gaussian-deformation is created near the p-n junction, the valley isospin rotates as a consequence of phase acquirement Φ ps , such that G varies. The goal of this work is to propose a feasible way of manipulating valley isospins through the strain engineering of graphene.
Our theoretical methodology to calculate the transport properties of the given system is as follows. The quantum Hall conductance is calculated from S-matrix formalism with the tight-binding approach using the KWANT code, 56 and a hopping energy of 3.0 eV is used in the tight-binding calculation. creates nonuniform pseudo-magnetic fields (see Fig. 1(a) ), the total phase acquirement of Dirac fermions can differ according to where the p-n interface is formed. Obviously, G D is barely influenced by strain created sufficiently far from the p-n junction.
Results and Discussion
The strain-induced conductance oscillation versus h 0 supports the prediction that the angle between the valley isospins rotates when a local strain is given near the p-n junction.
The net phase acquirement of Dirac fermions is calculated by integrating the strain-induced pseudo-magnetic fields over the area enclosed by snake-like trajectories along the junction.
55
Additionally, one can note that G D is independent of h 0 for x 0 ≃ ±6 nm. Such insensitivity to strain is attributed to the fact that the net phase acquirement of Dirac fermions approaches zero (see Supplementary Material for details). Meanwhile, as shown in Fig. 4(b) , there are two distinct types of resonance lines denoted by orange/pink and green circles. Probability density maps for each case are given in Fig. 4 
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Summary and Conclusions
In summary, we have studied the influence of local strain on quantum Hall conductance across a p-n interface in graphene. We revealed that the valley-isospin dependence of the quantum Hall conductance is modulated by the presence of local strain near the interface channel. Results indicated that quantum Hall conductance across the p-n interface no longer exhibits a clear plateau but rather an oscillating behavior with respect to strain strength. 
